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Clinical Outcomes of Therapeutic Agents That Block the
Platelet Glycoprotein IIb/IIIa Integrin in

Ischemic Heart Disease

David F. Kong, MD; Robert M. Califf, MD; Dave P. Miller, MS; David J. Molitemo, MD;
, Harvey D. White, MB, ChB, DSC; Robert A. HarringtoL MD; James E. Tcheng, MD;
1

I A. Michael Lincoff, MD; Vic Hasselblad, PhD; Eric J. Topol, MD

Ilackground-seveml platelet glycoprotein (GP) IMU.Ia receptor antagonists have been evaluated in clinical trials. We
conducted a systematic overview (meta-amdysia) to assess the effect of these compounds on death, myoeardial infraction
(MI), and revaaeulariza.tion.

Methods and lbdts-ORs were calculated for 16 randomized, controlled @ials of GP IIb/IHa inhibitors. An empirical
Bayeaian random-effects model combined tbe outcomes of 32135 patients. Them was a sigti]cant mmtalily rwluction
by GP KIb/lIIainhibitors at 48 to 96 hours, with an OR of 0.70 (95% CI, 0.51 to O.%; P< O.03), equivalent to a,reduction
of 1 death per 1000 patients treated. Mortality benefits at 30 &ys (OK 0.87; 95% CL 0.74 to 1.0% P= OX)8)and 6
months (O% 0.97; 95% CL 0.86 to 1.10; P=0,67) were not statistically significant. For the combined end point ofdeath
or MI, there was a highly significant (P< CI.001)benefit for GP IIWflIa inhibitors at eaeh time point, l%e 30-day OR
was 0.76 (95I%CI, 0.66 to 0.87), or 20 fewer events per 1000 patients treated. For the composite end point of death,
MI, or revaacxdarktion, there was also a highly significant (FWO.001) benefit for GP llb/IIIa inhibitors. At 30 days,

the OR was 0.77 (95% ~ 0.68 to 0.86), or 30 fewer eventa per 1000 patitmts treated The risk differenea for death,
death or MI, and comfisite outcomes were similar at 6 months, indicating a sustained absolute improvemetx Similar——~.— benefit was seen when trials were subgrouped by therapeutic indication (pmxxaneoua intervention veraus acute
coronary syndromes).

Conclusions-Application of this new therapeutic class to clinical praeticc promises substantial benefit for both
indications. (Cireulutim. 199~982829-2$35.)
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In 1983, Colkr and eolleaguesl described an antibody that “rsndorn$,” and (“inhibi$” or “block$”), where $ is a wild card.

blocked the platelet glycoprotein (GP) IIbAIa receptor. A Published remdtawere included when avaitable. Publicly presented

chimeric monoclinal sntibody,z abcixhnab, was later &vel- dataa!sorepresentedaevemtrment trials.

oped for treatment of patients undergoing high-risk pereuta-
Studies wem subgrouped OC the barb of the iadicstioa for GP

IWIIta inhibidon. Trisdaof
neous intervention. prompted by the benefit of abdximab in

penmtmma coronary intervention
(Table 1) included any stody in whieb tbe intent to perform a

a randomized study: multiple peptide and nonpeptide antag- pwcutanmuspmcedmewasassentrycritmion.3J-]4Acute eomrutsy

onists of the IIb/IUa reeeptor have been developed.6~Large Vdrom ~ala enrolled patkaltawith Sylnptomsof acute coronary
clinical trials*T have evaluated these agem.s for unstable isch~a without ST-segment elsvadon on the 12-kad ~ CTable

angina acute myocardial infarction (NIX),aud pereutanews
2).&7.174J me ~y~ew ~~~ ev~- he ~~ co~ecti~ of

,trisls aawellaa eae130fthe aubgrollps,
coronary intervention indications. This article provides a Several of these atudks had multiple dose arms, and different
meta-analysis of available studies to evaluate the impact of trialsof the same ageanamud different dosing strstegb. To capture
intravenous GP IIb/IIIa @agonists on clinical outcomes. all patients exposed to this wmpound clssa, nor conservative

overview included all treatment arms in the analysis, Two trials

Methods (PURSUIT’,PRISM Plus) had treatment arms that temdnsted early.

Trial Selection
Furthea-more,the plsecbo axsnevent rate increased as the trials
progressed. ‘lEeae tdals were evaluated using all padcntaenrolled

Randomized, blinded, controlled trials of parented GP IIb/IIIa before the arm was stopped and patients in the remskdng treatment
antagonists were identifkd through a MEDLINE search. Records arm with conternporanmus controls after the termination of the
Mweem 1980 and 1997 were searched for tie words “platele~” am ~.
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TABLE 1. Pe~sraoua Intawenlloss Trials
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unstableangina.

Adjunctivc heparin regimens also differed among trials. All
percmaneous interwmtion trials permitted hepario during the ~
tie to maintain ao activated clotting time betwem 200 and 4WI
seconds or an activatedpartial tbromboplaaths time of 1.5 to 3 lima
the control value ~able 1). Postprocedure bqatitt infusions wem
-~ h S of tk 10~SOllS itlWC2tti011Uisbj.Hepsrin WaS

gmsr in all acute coronary syndrome trials except for PARAGONJ%
PRfSM, and PRISM Plus, which randomized ptiti to hcpmin or
placebo (Table 2).

Clinical End Points .
tiCsf 0utC0212CS studied included dea@ h COmpOSitCOfdWth Or
MI, and the composite of death, MI, or rcvascuhizadorr. Eaeb
outcome was evaluated at an early time point (between 48 and %
hours), at 30 dayB,and at 6 months. l% percutaneous intuwention
trials, the early end point occurred afta the md of the study drug
inksion. Patients in seute coronary syndrome trials often redved
drug during this period. Urgent revascukization events wem cvsJ-
uatcd at the early and 30-day time points, and the occurrmm of any

.—=% revasculmization event was asamscd at 6 months. The numbexaof
patients expaimrcing txcnts at each time point wm compiled for
treatment and control arms. Although Iiited numbers of patients
were lost to follow-up in several &i& the amount of incomplete
data was expected to be qual among rarrdomizuf arms. ‘fhe event
rates for each arm zx?flectthe numtxx of event$ obssrved divided by
the number of patients rerolled, according to in&ntioo to tswU.

statisticalAnalysis
ORSsummarizing tieeffectivmmsof (JP Ifb/llh inhibitors were
calculamdby use of FastWro softwanzzl These ORBwere combined
assuming an empirical Bayeaisn model described by Hedges and
Olkin.” Risk difference-sMvmen control and tmatmen( atms were
also combined by w of the same model. The empirieal Bayesiatt
random-effects model redu~ to a fixed-effects model when the
studies are homogeneous.The method accommodatedheterogeneity
by assumingthaf tbe true effect differed among studiesand dmrefore
must be reprc-smtedby a d~hibution of values instead of a single
value. The result was a wider range of mccrtmn“ ty ‘aboutthe point
edmate than was calcolalcd with fmed-effects models.

Although tbe random-effects model accommodated variabtity
amongstudies, theextentof hetcxogcmity in the trials was examined
by 2 211Ctt10dS.Tbc Q statistic of ~imOlliS22 and Laird= 12ppCOX-
imatcd a # statistic to test a null hypothesis that aJl of the studies
estirnsmd the same true value. To identify poteotial soortm of
heterogenei~, @lbrsitb did plots WCfe COfNtNCtCd.24x T!’&

method plotted the log OR divided by tie stmdu-d error against the
rtcipmcal of the standard emor.Ninety-five percentof trials should
fall within 2 units atmve or below a line titi slope qual to the
ovezall log OR. Trials that exceed tie 2-unit boundary deserve
further exphxation for heterogeneity.

Results
A total of 32135 patienta were included in the analysis
(Figure 1). A significant mortality reduction with GP 11’bAIIa
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TABLE2 AcuteCoronarySyndromeTrials
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inhihkors was observed at the early time point (48 to 96
hours), with art OR of 0.70 (95% ~ 0,51 to 0,% P<O.03)

-...— (Figure 2), The combined risk difference of -0.001 (95% CI,
-0.0026 to 0.0003) was equivalent to a reduction of 1 death
per 1000 patients treated Trends toward mortality benefit at
30 days and 6 months were not statiatieallysignificant. At 30
day% the OR was 0.87 (95% CL 0,74 to l.~, P= O.OS),
equivalent to 3 fewer deaths per 1000 patieme treated
(–0.0032 95% CL -0.0063 to -0.0001) (Pigure 3). At 6
months, the OR was 0.97 (95% ~ 0.86 to l.1~ P= O.67),
equivalent to 2 fewer deaths per 1000 patients treated
(-0.0015; 95% (’21,-0.0059 to 0.0029),

For the emnbined end point of death or nonfatal MI, there
was a highly significant (P<O.001) benefit for GP IIb/Ula
inhibitors at every time point. For the early time point(48to

96 hours), the OR was 0.66 (95% CL 0.56 to 0.78), equNalent
to 17 fewer events per 1000 patients treated (-0.017; 95%
CI, -0.023 to -0,011), At 30 days, the OR was 0.76 (95%
CI, 0.66 to 0.87), or 20 fewer events per 1000 patients treated
(-O.02@ 95% CL -0.029 to –0.012) (F@re 4). At 6
months, the OR was 0.82 (95% CL 0.74 to 0.91), or 20 few~
events per 1000 patients treated (-0.020 95% U, -0.028 to
–0.01 1).

For the composite end point of deathi m or revascular-
ization, there was a highly signiilxnt (P<0,001) benefit
favoring GP IIb/IIIa inhibitors. For the early time point (48 to
96 hours), the OR was0.66 (95% CI, 0.58 to 0.75), equivalent
to 27 fewer events per 1000 patients treated (–0.027; 95%

_—- CI, -0.034 to –0.020). At 30 dSyS, the OR WSS 0.77 (95%
CI, 0.69 to 0,86), or 30 fewer events per 1000 patients treated
(-0.030; 95% CL –0.040 to –0,020) (Figure 5). At 6
months, the OR was 0.89 (95% CI, 0.84 to 0.94), or 23 fewer
events per 1000 patients tm.ated(-0.023; 95% CI, –0.033 to
-0.012).

Percutaneous Intervention Trials
No sigficant difference in mortality was seen at any time
poirtL At 48 to 96 houm the OR was 0.66 (95% CL 0.34 to
1.31;P= O.24).At 30 &ys, the OR was 0.77 (95% Cl, 0.53 to
l.l(k P= O.15).At 6 months, the OR waa 0.90 (95% m 0.70
to 1.16; P= O.41).

For the combined end point of death or nonfatal MI, there
was a highly significant (P< O.001)benefit for GP IIb/IIIa
inhiitora at all 3 time points. For ti,,egrly time point (48 to
96 hours), the OR was 0.57 (95% U, 0.45 to 0.71), equivalent
to 27 fewer events per 1000 patients treated (-0.027; 95%
Cl, –0.037 to -0.017). At 30 days, the OR was 0.64 (95%
CI, 051 to 0.80), or 27 fewer eventsper 1000 patients treated
(-0.027; 95% U -0.040 to -0.014). At 6 months, the OR
was 0.76 (95% ~ 0.64 to 0.9 1),or 23 fewer events per 1000
patients treated (–0.023; 95% a, -0.037 to -0.009).

For the composite end point of deatlq ML or revascular-
bmtion, there was also a signMeant benefit favoring GP
IIb/IIIa inhibitors. For the early time point (48 to 96 hmrs),
the OR was 0.56(95% a 0.46 to 0.67; P<O.001), equivalent
m a *tion of 38 events per 1000pltienta t.fU@d(-0J13g;
95% CI, –0.049 to -0.028). At 30 days, the OR was 0,65
(95% m 0.54 to 0.79; P<O.001), or -37 fewer events per
1000patients bated (–0.037; 95%m -0,52 to –0,022), At

6 months, the OR was 0.87 (95% CI, 0.80 to 0.95; PcO.003),
or 23 fewer events per 1000 patients treated (-0.028; 95%
a, -0.045 to –0.012).

Acute Coronary Syndrome Trhds
No significant difference in motity was seen at any time

point. At the early time point (48 to % hours), the OR wsa
0.71 (95% CI, 0.50 to 1.01). At 30 days, the OR was 0.90
(9S% C!I,0,76 to 1,06). At 6 momhs, the OR was LOO(95%
CL 0.87 to 1.15).
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Forthecombined ersdpointofdeath ornenfatrdw~w
a sigdieant (P< O,O1)benefit for GP IR@Ia inhibitors early
mda W&ys. At&mly@pti (Mw%ti), tiOR
was 0.81 (95% C!I,0.71 to 0.92~ equivalentto a reductionof 10
events ~“ 1000 patients tread (-0,010 95% u, -0.015 to
–0.004), At 30 days the OR WSS0.88 (!#% ~ 0.81 to O.~
or 13 fewer events per 1000patients treated (-O.Olq 95% U
-0.023 to –0.004). At 6 months, the OR WSS 0.88 (95% ~
0,79 to O.~ equal to 16 fewx eventsper 1000patiezustreated

——-.
(-0.016 95% a -0.027 to -0.004).

For the composite end point of death, ML or revescular-
ization, them was a highly significant benefit favoring GP
IIb/lIla inhibitors. For the early time point (48 to 96 hours),
the OR was 0.77 (95% ~ 0,69 to 0.86; FWO.001),equivalent
to 19 fewer events per 1000 patients treated (-0.019; 95%
CI, –0.027 to –0.011). At 30 days, the OR was 0.86 (95%
CI, 0.80 to 0.93; P<O.001), or 22 fewer events per 1000
patients treated (-0.022; 95% CI, –0.034 to -0,010). At 6
months, the OR was 0.90 (95% Cl 0.83 to 0,9% PcO.01), or
20 fewer events per 1000 patients treated (-0.020; 95% ~
–0.036 to –0.004).
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Figure 1. ORS and 95% C}S for risk of
dssth, daath IX Ml, and death, Ml, or

revaacularization (Revaec) 48 to 06

hours, 30 days, end 8 months after mrl-
domization to a QP llbAHa Inhibtw (va
pla@sO). ORs are given for cambi~
peroutaneolm intemrltlon M* @j,
cwnblnad norWT-segment elevation
aoute eomnery syndmmas tdals @), and
atl oolleeted trials ~. N indicatm amp

pla elze; Dif, rfsk dfierence. ‘/%0.03;
W<o.ol ; Wco.ool .

Heterogeneity Analyses
For percutaneous intervention trials, the Q statistic revealed
significant heterogeneity for the death/MI end p@nt at 30
days and 6 months and for d@h/MUmvaseulerizationat 48 to
96 hours and 30 C@%. NO si@fkant heterogeneity WSS
&tected in the acute coronary syndrome trials. ‘f’he test of
heterogeneity for the entire trial cdleetion reflected the
heterogeneity present Within the pSXCUtSItCOUB bltfmention

subgroup.
Gahaith plots (F@ure 6) idcdfied the EPILOG trial’s

particularly pronounced effect in favor of GP IWTfIe bloek-
adc. ‘IMSfinding eorraponds to the quantitadve rE?suIts,Q
statistics calculated without the F3PIL0Gtrial are consistent
with homogeneity for all end points except early (48 to %
hours) tbth/MhVWOhti@S .023. Thus, 13PILOG contrib-
uted substantially to the statistical, heterogeneity of the
collected trials.

Discussion
This new therapeutic class promises a substantial benefit

when applied to clinical preetiee. patients undergoing percu-
taneous coronary intervention or pmenting with an acute
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Hgura 3. OR-Send 96% Cls for risk of death 30 daya aftar mrl-
dcdzatbn to a GP llMlia inhbltor vs placebo. Evsnt rates ara
Ilstsd for tmatad and contIuI arms In each study and for com-
binsd bid!?+.
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Figure 4. ORS and 95% Cls for risk of death or Ml 30 days
after randomization to a GP llMlla inhibitor vs placebo, Event
rates are listed for traded and control arms in sactT study and
for cofnbined blats.

coronary syndrome can expect a significant reduction in
critical clinical events, including nonfatal MI and the steed for
repeat pmce@es. Much of the benefit occurs early in the
patient’s clinical course and is maintained at 6 months.

The effect of GP IIMIIa inhibitom on mortality is small
compared with the number of patients studied. One might

x== infer that no mortality benefit exis@ simply because the
6-mor3thresult is not statistically significant. Another expla-
nation recognizes that the absolute benefit (lives savsd per
1000 padents treated) remsdns constant between the early
phase and 6 months, In the early phase (during drug infusion),
the 35% relative mortality reduction and paucity of deaths
overall make this difference borderline statistically signi&
cant. Afterw@ the numbers of additional deaths in the
kmtrnent and control groups are similar, suggesting no
further effect on mortality after the infhsion ends. Because
deaths accumulate equidly in bnth groups over time, the
relative effect (ORs and P value) declines and becomes
nonsignificant. In additi~ although the point estimates
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Figura 6. ORS and 96% Cls for rfsk of death, Ml, or revaaculau-
izatbn 30 days after rsndom@tim to a C3P Ilbillla inhibitcw va
placebo. Evant rates ans listed for trestad and control arma in
each study and for eombinad trista,

remain relatively constsn~ the C!IS widen because few~
patients had fi-monthdata than had 48-to 96-hour &@. ~~
the 30day mortality rate was only 2,7% for the combined
control arms. Proof of a mortality difference given this event
rate requires either a monumental treatment effect m m
enormous sample size (145 618 patients to detect a 10%
relative reduction with 90% power, or 21872 patients for a
25% reduction,) The probability of a deuimental effect on
mortality is <3% for GP IIb/Ma inhibitors given intrswe-
nously for 1 to 4 days. Long-tesmdosing of oral formulatirma
may extend this effect to a larger, durable mortality beneiit.

Definitions of nonfatal MI and reinfarction varied fmong

trials, with different enzyme, ECG, and clinical criteriIL A
majority of the trialsused adjudication committees in sddi.
tion to (ol%mcomplex) formal de.smiptiverules. The disparity
among investigator and sponsors is a limitation of the trial
designs in this area. Although a consensus end-point defir&
t.ionis highly desirable for future trials, tkere is at pretsentno
feasible way to reconstruct a uniform detirtition for previous
studies, Despite this Umitatio% any ML however &fin*
constitutes en unde-simbleevent for patientq and we have
reported results consistent with primq”-end-point
&finitions.

Ten of the 16 trials used a composite of death,,ML or
revascukiZm ‘onas the primary end poinL A larger reduction
in relative odds exists for combined destbfMI events than for
composite deaWrevascularization events. Applied to
1000 patients similar to the overview population, GP IIWIIIa
blockade wouldprevent 20 of 91 deaths or nonfatal MIs in &
first 30 days, a 22% relative reduction. Under the same
conditions, the agents would prevent 30 of 169 deaths, MIs.
or revasdarization procedures (a 17% reduction), From a
treatment policy perspective, the triple end point betta
refleets the anticipated benefit to clinical practice.

Efforts to accumulate all available information inevitably
increase the potential for heterogeneity irt pooled data.
Formal tests for heterogeneity have low power. The, statis-
tical failure to reject the null hypothesis of homogeneity does
not imply equslity~ but rather a lack of unacceptable hetero-
geaedty. In this overview, the methods used to calmdate the
combined ORS accommodate heterogeneity.x~ The over-
view cmnbines studies of 3 agents with those of abciximab,
which has a longer duration of action and truss-reactivity
with the Uv& receptor.n As previously snentiona patient
cham@ristics, therapeutic regimens, end-point definitions,
and adjunctive drugs (heparin and aspirin) were nonuniform
across trials. The EPILOG trial eonuibuted strongly to the
statistical heterogeneity of the collected trials. The pro-
nounced power of EPILOG may stem horn its early termi-
uation,~~ the patient population, the dosing regimen, or
inherent drug effects.

Whether differences in clinical benefit exist among the
different compounds is speculative. ‘llse variability present
among triats predudr$ indirect cornpatisons of individual
agents. These differences can produce disparity among trials
includqd in rneu-analyse# 1and cause discrepanciesbetween
meta-analyses and subsequent large, controlled trials, For
exampl%FOXSZattemptedindirect comparisonsbchv&n anis-
tseplase and alteplase using a fixed-effects model. ‘1’tse1S1S-3
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randomized trialss later showed no significant difference
between the 2 agents. Although pmetiee guidelines shouldbe
influenced moat by large randomized trials, properly wn-
ducted systematic overviews of large trials can describe
overall benefit and aymmdzc past experience b- than
individual studies examined separately.

The general meehattism of benefit is undoubtedly the
-- inhibition of platelet aggregation a critical component of

thrornbotic corunary occluaiom At 30 days, the trials of
percutaneous intervention had a signifieamtlylarger relative
reduction in combined death and MI than the acute coronary
Sytldmmt?.3trizda (95% ~ 0.51 to 0.80 VCrSUS 0.81 to 0.97,
respectively), although the 95% CIs overlapped at the other 2
time points. These agents may perform bettex during angio-
plasty, when delivered at a time of arterial trauma and platelet
aggregation. This difference also may represent a reductionin
postprocedure myoeardhd enzyme elevation. The lesser ben-
efit for acute coronary syndromes may reflect the delay
between the initial intirnal insult and institution of thempy,
The optimal degree and duration of GP IlblUIa inhibition
remain to be established for each indication.

The GP IIb/IIIa inhibitors clearly show a consisten4
substantial, and durable benefit as a therapeutic class. Future
randomized, comparative clinical trirds will undoubtedly
reflrw these results and iden~ optimal applications for
specific agents. The completion of definitive outcome studies
before regulatory approval should speed assimilationof these
agents into clinical practice and transformation of these
promising results into new standards of care.
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